Purpose: Although moderate-to high-intensity statin therapy is increasingly recommended in cardiovascular disease patients, the efficacy and safety in elderly patients have not been proven clearly. Here, we compare the effect of various-intensity statins between elderly and very elderly patients. Methods: 43,870 patients over 65 years old who were treated with statins were screened using electronic medical record data. Results: We evaluated 451 patients in the elderly group aged 65-74 years and 159 patients in the very elderly group over 75 years old. Baseline cholesterol profiles were similar between the 2 groups, but the 10-year atherosclerotic cardiovascular disease (ASCVD) risk was significantly higher in the very elderly (20.9 ± 11.5% vs. 37.2 ± 13.6%, p < 0.001). The reduction rate of low-density lipoprotein (LDL) (-40.2 ± 21.3% vs. -39.3 ± 21.0%, p = 0.634) and the ratio of target LDL attainment (74.2 vs. 79.2%, p = 0.252) were similar between the 2 groups. Low-intensity statins showed comparable LDL cholesterol reduction with moderate-intensity statins both in the elderly and the very elderly groups. The 10-year ASCVD risk reduction was similar between the 2 groups (-3.5 ± 4.9% vs. -3.0 ± 8.4%, p = 0.480), but in the very elderly group, no different ASCVD reduction rate was shown in low-to high-intensity statins (p = 0.784). Only the el- derly group showed a significant correlation (r = 0.112, p = 0.017) with LDL reduction and 10-year ASCVD risk. Interestingly, the incidence of adverse drug reaction (ADR) was higher in the very elderly group (4.4%) than in the elderly group (2.7%) and was more frequent in high-intensity statin therapy. Conclusion: The efficacy of statins in LDL reduction was similar between the elderly and very elderly population. However, the benefit of moderate-to high-intensity statins is limited considering potential ADR. Therefore, the stepwise intensification of statin therapy might be necessary for the very elderly in spite of the higher cardiovascular risk.
Introduction
Dyslipidemia is an important risk factor of cardiovascular disease [1, 2] . A 10 mg/dL increase of total cholesterol was associated with a 9% increase of 30-year cardiovascular death in the Framingham study [3] . Conversely, reducing plasma low-density lipoprotein (LDL) cholesterol levels by statins remarkably reduced the cardiovascular death both in primary prevention and secondary prevention [4, 5] . Following numerous clinical study results, LDL reduction with statin treatment became the cornerstone of lipid-lowering therapy to reduce cardiovascular risk [6] [7] [8] .
Compared to the previous guidelines developed by the National Cholesterol Education Program Expert Panel [9] and the European Society of Cardiology [10] , the recently published 2013 guidelines of the American College of Cardiology and the American Heart Association (ACC-AHA) for the management of cholesterol substantially expanded the number of adults indicated for statin therapy [11] [12] [13] . Especially, the new guideline recommends wide use of intensive statin therapy in all patients with an LDL ≥190 mg/dL, who also have either diabetes or a 10-year risk of atherosclerotic cardiovascular disease (ASCVD) of 7.5% or more, as estimated on the basis of new pooled cohort equations [11] . Although it is well known that the prevalence of cardiovascular disease rises markedly with age [14] , it is debatable whether it is justified that under the "age-based" strategy in the new ACC-AHA guideline, virtually all men > 65 years old and women > 75 years old exceeded the 10-year estimated ASCVD risk of 7.5% regardless of other risk factors, thus being the indication for intensive statin therapy [13] .
Another issue is the paucity of data in very elderly patients over 75 years old. Limited numbers of patients > 75 years of age were included in statin randomized clinical trials (RCTs). Therefore, the pooled cohort equations are not recommended to inform the 10-year ASCVD risk for those > 75 years of age [13] . Although a number of data support the use of moderateintensity statin therapy for secondary prevention in individuals with a clinical ASCVD risk > 7.5%, it is unclear if it should be initiated with high-intensity statins in individuals > 75 years of age. As a whole, we have only limited data regarding the potential ASCVD risk reduction benefits and the risk of adverse effects of high-intensity statin therapy for older individuals.
Here, we compare the efficacy and safety of high-intensity statin therapy in elderly (65-74 years of age) and very elderly (≥75 years of age) Korean patients. In order to overcome the limitation of RCT data of the elderly and very elderly population, we investigated "real world" data by reviewing electronic medical record data of 43,870 patients over 65 years old who were treated with statins.
Efficacy and Safety Evaluation
The effects of statin therapy were evaluated by measuring the LDL cholesterol reduction rate from baseline to 3 time points of follow up (2-6 months, 6-18 months, and 19-30 months). Although the pooled cohort equations are not recommended to inform cardiovascular risk for those ≥75 years of age, we calculated the ASCVD risk score to evaluate the risk reduction by statin therapy by using patients' information on race, age, gender, blood pressure, total cholesterol, HDL cholesterol, diabetes, and smoking status [13] . As the 10-year ASCVD risk was calculated up to a maximum of 79 years, we counted the age as 79 years if the patients were older than 79 years. We evaluated adverse drug reactions (ADRs) of hepatotoxicity, myopathy, new-onset diabetes mellitus, and discontinuation due to patients' subjective discomfort. Hepatotoxicity was defined as a new elevation of aspartate aminotransferase or alanine aminotransferase 3 times higher than normal [15] . Myopathy was defined as an elevation of creatine phosphokinase 5 times higher than normal or myalgia requiring statin discontinuation [16] . New-onset diabetes mellitus was defined as a new clinical diagnosis of diabetes mellitus or fasting blood glucose > 126 mg/mL [17] .
Statistical Analysis LDL reduction and 10-year ASCVD risk reduction were described as mean ± SD, and we analyzed average differences in 2 groups (age) by the Student t test and average differences in 3 groups (statin intensity) by one-way ANOVA. The rates of taking statin and occurring adverse drug event were described as percentages and analyzed by the χ 2 test. The change between baseline and last observation carried forward (LOCF) value was compared with the paired t test. The relation between LDL reduction rate and 10-year ASCVD risk reduction was analyzed by correlation analysis. Null hypotheses of no difference were rejected if p values were < 0.05. Data was analyzed by SPSS (version 22.0).
Results

Patient Characteristics and Pattern of Statin Prescription
Among 43,870 elderly patients, 451 patients of the elderly group aged 65-74 years and 159 patients of the very elderly group over 75 years were identified. The proportion of patients with cardiovascular disease or diabetes mellitus was approximately half, which was similar between the 2 groups (p = 0.946). However, the estimated 10-year ASCVD risk was nearly double in the very elderly group (Table 1) . Baseline cholesterol profiles were similar between the 2 groups. Although more than half of the patients belonged to the indication of high-intensity statins, only 18.4% of the patients were actually treated with high-intensity statins. In the elderly group, the prescription rate of high-intensity statins was significantly higher in case of the secondary prevention purpose (16.1 vs. 26.8%, p = 0.016); however, the prescription rate of high-intensity statins between primary and secondary prevention was not significantly different in the very elderly group (Fig. 2) .
Comparison of the Treatment-Attained Value between the 2 Groups
The follow-up rates were 6 months (elderly: 98.0%, very elderly: 99.4%), 1 year (elderly: 65.0%, very elderly: 61.6%), and 2 years (elderly: 39.7%, very elderly: 39.6%).
Total cholesterol, triglyceride, and LDL cholesterol levels were significantly decreased by 27.2, 10.4, and 40.2% (p < 0.001, p < 0.001, p < 0.001) in the elderly group and by 29.6, 14.1, and 39.25% (p < 0.001, p < 0.001, p < 0.001) in the very elderly group, respectively, during 2 years' statin treatment. However, HDL cholesterol levels were significantly increased only in the elderly group by 5.6% (p < 0.001), compared to the very elderly group (1.3%; p = 0.489). When comparing the 2 groups, the significant difference was observed in LOCF of total cholesterol (p = 0.002) and HDL cholesterol (p = 0.013) but not of LDL cholesterol (p = 0.653) ( Table 2 ; Fig. 3) .
Next, LDL cholesterol reduction stratified by statin intensity between the elderly and the very elderly groups was compared. In the elderly group, there was a clear difference in LDL cholesterol reduction according to statin intensity (overall, p < 0.001; low vs. moderate, p = 0.002; moderate vs. high, p < 0.001). However, in the very elderly group, low-intensity statins showed comparable LDL cholesterol reduction with moderate-intensity statins (overall, p = 0.002; low vs. moderate, p = 0.896; moderate vs. high, p = 0.001) (Fig. 4) .
We also compared the target LDL goal achievement rate (%) based on the statin strength in both age groups. Target LDL was set based on the expected risk according to the ATP III guideline [18] . Overall, the mean target LDL goal achievement rates were 74.7% in the elderly group and 79.2% in the very elderly group (p = 0.252). The relation between statin intensity and the target LDL goal achievement rate was only significant in the elderly group (p = 0.024), and there was no significant dose response in the very elderly group (p = 0.265) ( Table 3) .
Effect of Statins on ASCVD Risk Reduction between the 2 Groups
We investigated the effect of statin treatment by using the 10-year ASCVD risk score as a surrogate marker of cardiovascular risk reduction. Following statin treatment, the 10-year ASCVD risk score significantly decreased in both groups by 3.5 and 3.0%, respectively (p < 0.001, p < 0.001) (Fig. 5a ). There was no significant difference in the ASCVD risk reduction between the 2 groups (p = 0.475), and the ASCVD risk was continuously far higher in the very elderly group throughout the follow-up period. Then, we evaluated the impact of statin intensity in ASCVD risk reduction. In the elderly group, more ASCVD risk reduction was shown in the patients with high-intensity statins compared to those with moderate-intensity statins (p = 0.008). However, there were no differences between patients with moderate-dose statins and those with low-dose statins (p = 0.955). In the very elderly group, no differences in ASCVD reduction rate were shown among the 3 statin dose groups (p = 0.784) (Fig. 5b) . Similarly, LDL reduction was significantly correlated with 10-year ASCVD in the elderly group (r = 0.257, p < 0.001), whereas the very elderly group showed an insignificant correlation (r = 0.001, p = 0.901) (Fig. 5c, d ).
Presence of ADR between the 2 Groups
We evaluated the incidence of ADR after statin therapy in both groups. High-intensity statins showed higher ADR (n = 7, 6.3%), compared to low-intensity statins (n = 1, 2.3%) and moderate-intensity statins (n = 1, 2.4%) (p = 0.107; Table 4 ). Types of ADRs (n = 19) were abnormality of liver (n = 7) and muscle (n = 4), new-onset diabetes mellitus (n = 7), and discontinued therapy due to complaint (n = 1).
Although there was no statistical significance due to the small number of adverse events, the incidence rate of adverse events was higher in the very elderly group (n = 7, 4.4%) than in the elderly group (n = 12, 2.7%) (p = 0.292). In particular, the risk of new-onset diabetes mellitus was five-fold higher in the very elderly group (n = 4, 2.6%) than in the elderly group (n = 3, 0.7%), although there was no significant difference due to the small number of ADRs (Fig. 6 ).
Discussion
The risk of cardiovascular disease is increasing with age, which becomes the rationale of aggressive treatment of dyslipidemia in elderly patients. However, there are only limited data evaluating the impact of aggressive statin therapy in very elderly patients over 75 years old. Moreover, in most RCTs, the enrollment of patients aged > 75 years is limited (only 2% in studies published during 1966-1990 and 9% during 1991-2000) [19] . In addition, it is not . 6 . Incidence of adverse drug reaction following statin treatment. Hepatotoxicity was defined as a new elevation of aspartate aminotransferase or alanine aminotransferase 3 times higher than normal [13] . Myopathy was defined as an elevation of creatine phosphokinase 5 times higher than normal or myalgia requiring statin discontinuation [14] . Newonset diabetes mellitus was defined as a new clinical diagnosis of diabetes mellitus or fasting blood glucose > 126 mg/mL [15] .
likely that clinical trials that evaluate statin effects in the elderly population will be proceeded in the near future. Therefore, we performed this retrospective study to investigate the role of aggressive statin treatment in the very elderly population. Similar to the difficulty in clinical trials, among 43,870 patients over 65 years old who were treated in our hospital for 5 years, we could only find 610 patients who were eligible for the analysis. They had newly initiated statin treatment and had baseline data as well as follow-up data.
Our results indicated several important findings. First, even though most of the patients belonged to the high-risk category either by ATP III criteria or by the new ACC-AHA guideline, only a minority of the patients was actually treated with high-intensity statins in the real world situation. Second, notwithstanding the lower intensity than the intensity recommended by the guidelines, statin treatment resulted in a LDL cholesterol reduction of more than 40% in most patients. Third, high-intensity statins exerted sufficient LDL cholesterol-lowering effects in the very elderly group. Fourth, the target LDL goal achievement rate increased significantly according to statin intensity only in the elderly group compared to the insignificant result in the very elderly group. Fifth, cardiovascular risk quantified by the 10-year ASCVD risk showed a modest reduction in both groups. Lastly, the incidence of ADR was about twice higher in the very elderly group compared to the elderly group, which was more frequent in high-intensity statin therapy. These findings suggest that the benefit of moderateto high-intensity statins might be limited in the very elderly group considering the smaller reduction of cardiovascular risk and higher incidence of ADR.
These findings have important clinical implications considering that under the "agebased" strategy in the new ACC-AHA guideline, virtually all men > 65 years old and women > 75 years old exceed the 10-year estimated ASCVD risk 7.5% regardless of other risk factors. Thus, intensive statin therapy is indicated for those patients. [20] . In a study, more than 40% of ≥65-year-old Australians were taking statin, and the proportion of statin usage was increasing with age. In this study, one-third of the overall population older than 75 years was treated by moderate-to high-intensity statins [21] . Furthermore, the proportion of high-risk patients, the frequency of use of more potent statins, and the rate of LDL cholesterol goal attainment were significantly greater in the Korean subjects than those observed in the other Asian populations [22] .
Of course the benefit of moderate-to high-intensity statin for secondary prevention seems clear. However, their role in primary prevention is limited [23] and still uncertain. Especially the role of statin in the primary prevention of cardiovascular disease in older patients is unclear. However, according to a 2012 study from the USA, the ratio of those treated for primary prevention to those treated for secondary prevention was significantly greater in patients aged ≥80 years than in those aged 55-65 years [24] . A similar preponderance was reported in an Italian population aged > 75 years, two-thirds of which had an indication for primary prevention [24] . A meta-analysis study showed that statin therapy decreased the risk of myocardial infarction by 39.4% and the risk of stroke by 23.8% in elderly patients with high cardiovascular risk who did not have a history of cardiovascular disease [25] . Also, the Cholesterol Treatment Trialists' collaboration study showed that highdose statins in the very elderly group had a more significant effect. And the risk ratio was decreased with decreasing LDL cholesterol reduction as well as elderly group, which demonstrated the benefit of high-intensity statins [26] . However, the potential risks for the elderly, such as the decreased life expectancy, increased comorbidities, risk of polypharmacy, and increased risk of adverse reactions, should be balanced with the prediction of benefit.
In our study, the correlation between LDL cholesterol reduction and 10-year ASCVD reduction was significant in the elderly (65-74 years of age) but not in the very elderly (≥75 years of age). The 10-year ASCVD reduction in the very elderly group was overestimated because we counted patients aged > 79 years as 79 years old due to the online ASCVD calcu-lator upper age limitation of 79 years. The real reduction rate should be lower than that we have shown. The LIPID trial, which was a large trial involving more than 9,000 participants, showed similar results that total and cardiovascular mortality in the pravastatin groups was significantly reduced up to 69 years of age, but there was no significant change in the groups aged 70 years and older [27] . The result of our study totally meets that of some present studies. "Age" was the major factor of cardiovascular risk, thus the benefit of high-intensity statin for lowering LDL cholesterol was limited to reduce cardiovascular risk in very elderly patients over 75 years old.
Statin-related ADRs should also be considered in elderly patients. There were some conflicting results reported. Elderly patients were vulnerable to ADRs because body size (muscle mass) or liver or renal function was reduced and the increased risk was 1.8 times higher [28] . However, in the CARDS study, the adverse event rate was similar compared to those younger than 65 years [29] . In our study, the ADR rate was higher in the very elderly group than in the elderly group. Especially the incidence of new-onset diabetes was high in the very elderly group, although the cause response with statins in not clear. This finding has important implications, because previous studies also suggested that statin therapy was associated with a 9% risk of new-onset diabetes mellitus which is higher in the elderly [30] .
This study has several limitations. The present study was a retrospective study using an electronic medical record database with no outcome data available. The analysis was done based on prescription data, but we could not be sure whether the medications were taken as prescribed. The incidence of side effects was obtained by medical chart review, which could be underestimated. In addition, patient adherence may substantially affect the results. The less clear dose response between statin therapy and LDL reduction in the very elderly group may partly be due to poor adherence. We investigated the effect of statin treatment by using the 10-year ASCVD risk score as a surrogate marker of cardiovascular risk reduction. We approached the risk calculation in the very elderly population by counting the age as 79 years if the patients were older than 79 years. Because the pooled cohort equations are not recommended to inform cardiovascular risk for those > 75 years of age, the adequacy of risk calculation for the very elderly population using the ASCVD risk score cannot be justified, even if there were no standard calculation tools for the very elderly population.
In conclusion, the elderly group over 65 years old showed a significant reduction in LDL cholesterol and 10-year ASCVD risk after statin therapy, but the incidences of ADR were higher in the high-intensity statin and very elderly group over 75 years old in spite of the benefit of reducing higher LDL cholesterol through high-intensity statins in the very elderly group. Therefore, the stepwise intensification of statin therapy might be recommended for very elderly patients > 75 years old.
